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(54) SURFACE ACOUSTIC 
WAVE FILTER 

(57) Abstract: 

PURPOSE: To improve the 
performance of a resonator coupling 

surface acoustic wave filter using ;a 
lithium tantalate substrate, a lithium 
niobate substrate or a lithium 

tetraborate substrate having a high 
acoustic velocity cutting face by 
clearly defining the optimum range of 

a necessary design parameter. 

CONSTITUTION: The propagation 
direction of the surface acoustic wave 

is controlled within the range of (40 
to 90° 40° to 90° and 0° to 60°) by 
Euler's angle display and a frequency 
difference Af between the resonance 

frequency (frs) of a series arm 
resonator and the resonance 
frequency (f rp) of a parallel arm 
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resonator is set within a prescribed 
range formulated by using center 
frequency, the electrostatic 
capacitance Cos of the series arm 
resonator and the electrostatic 
capacitance Cop of the parallel arm 
resonator as parameters. 
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(2) 

1 

??A^sfc*g«©gfflicatgffl©«8^&f£sn. 

OS. 4 0ft7JM9 0ft, Oft7>M6 OftJfttfCtti 

#IR#ft8©*ftEK» f rs &^$)JR#£S(0#£^» 
ftf rpi©ESftgA f 4*iOMmkf ftftllk* 
«»©M**Co8Rr«t5!III*«»©»««i8Copft JO 
A7*-*£UT, TOftlTftfcSniftHfcRfta 

[SI] A fmio^A f^A f max 

A f = f rs - f rp 

A fmiD=(-0. 00158 + 0. 0116P-0. 00 
4 2 1 P 2 )x f 0 

A fmax = (0. 0778-0. 0736P + 0. 0252- 
P S )X f 0 

P=Cop/Cos . 20 

[B3#fi2] !S?iJlg6#fiS©»m$«CosRtXM?iJ)5ii 
#ig88©»®§ftCop#. TKft2T&Jg£tlS##© 
«HrtCK*anTV»*lll3R3B 1 lrl2«E©JPtt^ffi»[7 

[»2] 

Cop=-0. 4 9Cos + (4 9 7 8±2 8 5 0) /fo 
[«*ft3] fftt&nttASft&ftaiM&ttnMlCtt 

*wg©«BKft*jB©««**»ftan. 3*ttgE&© 

e«S^[Sj^^7^^T?(4 Oft75S9 OS, 4 OS JO 
75S9 0ft, Oft71S8 0ft)fttfChi:«Sftftl6Hl*I 

f rs<hM?JS!6#fig§©#JiEft§C f rpt <7>J5 

isasif*', «f4»»*ftfo, is?iJBis*ss©i^«$ 

SCosfttfM^R#fig©#«$fiCop&/'<7*-:5'£ 
[S3] A fmio^A f ^A f max 

Af=frs-frp 40 
A f nin=(0. 0262 + 0. 0245P-0. 0021 
P 2 )X f c 

A f max= ( 0 . 3 0 3 -0. 2 6 9 P + 0 . 0 8 2 P 2 ) X 
fo 

P = Cop/Cos 

#S»©ft*ftftCopa», T!B&4T8£Sn5?&#© 
«Hl*iKRS«nTt»»«*a3KE«©*tt«IB«7 

[ft 4] 50 



1$P8¥8-34 0 2 34 

2 

Cop=-0. 9 3Cos + (3 8 9 5± 1 4 2 5) /fo 

[»#« 5 ] w&&m&m!&*%nuhnnmz®. 
«LT«ft*ft. #*tt*Bift#ssM:. m<j» 

*H«©e«*rtI*»*-f 5Aft«T(0*755 5 Oft. 
15ft7iM7 5ft. 4 0ft7JS9Oft)fttfcnt<fft 
*tSHrt-e*-&#tt*ffiiR7^;^-»c*^T. 
*SS©*M^i$S f rs£M5a8S*ftS©*IB^»L» f 
rptOftftftftA f*». tifrftftftf., IS5IJW*^S 

©»ft#ftco8ftr;awift*fiB©ftft*ttcopt/x5 
w«ci*ft«tr*ftttftii«7-<;^-. 

[ft 5] A fmin^A f ^A f max 
Z\ 

Af=frs-frp 

A f nin=(-0. 00002 + 0. 00642P-0.0 
0 2 1 P 2 )X f o 

A f max=(0. 0305-0. 0161P + 0. 0021 

P 2 )x fo 

P = Cop/Cos 

[M$ft6] mwm#mm<Di&m®mcos-Bi.zfimm 

*ft»©ft«ftftCop««. TEft6-e«ft*ft*ft*© 

tBBrtic«sanTt»*»«ft 5 KB«©ftttftiirtt7 

Dk6] 

Cop=- 0. 4 7Cos + (3 078±912) / fo 
[88©I*M&:II191] 
[0 0 0 1] 

3W»Btt7-f ;^-fcWT* l b©-c*«. 
[0 o o 2] 

[«£*©sffi] a*. iSo*ffl«M«s^©am«{sic* 

V»Ttt. MS7^^- ft^flft«ftft««©lift 

AtfHgcsrftttftHftft^tt. E«tt«'rrss« 

( 1 ) ©£ffilclltt©«ffi ( 2 ) ft tflMMKOftftft ( 3 ) 
(3)£^j£LT. Aftft&*l&l/rfr>«. 
[0 0 0 3] X. 08<D*D<. &?SI9ft©ftaiM(4) 
ift*M(5)lC*4r, *8W(6)(7)&B«r*CtC 

<fcox, 7*j^-fc«ftT*;i£**we**. w© 

*fr*SSft£ffl©fttt«lil«7^*'--tt, #AJ8& 
#'J>ft<, ft^0»*^KT»*«©Wj«**UTH* 
fc*. £<#RLTV>*. #W»fta*ttftli[tt7<f 
- lefc t»Ttt, iE?iJISi*jiS§ ( 6 ) ©#JgJi8Eft f rs 
£M?iJK#iIig( 7 )<DBi.#mmiSi& f ap££B§-&3i* 
SdilCkoT. /-OF/X^-rJl^-WttfcftSr 
•5. 

[0 0 0 4] *ggie-&S3Wt*ffi«7-f;V^-©i9:tr 
Srf?S^±-C©/X7/-^tbTt4, K^JSS^Jgg©^ 
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3 

mm®& f rs£3fc*»ii#JBI8©#Jgrafc8 f rp©gA f 
(A f = f rs- f rp) &#a§§©3ffi*f&&tfR!n 
ga^fc£3tt£»®gffiCos. Cop3?a<<&9. ft*«fc 

o#tt^ffi^7^;^-i'ffl^enr^5Sffi (3 6* 

Y-X LiTaOj. 64° Y-X LiNbCh. 5^4 1 
• Y-X LiNbOs) fc-St^Ttt, WLstrt? * ~9<D& 

a^«iB*^&*McanT^*(»M¥5- 1 8 3 3 8 

0^. 4$IB^6-6 9 7 5 0^). 
[0 0 0 5] 

£#*£©©#* HBK^TW&a^n-CfcO. * 
©*S*. *>*;V«'J?£A<LITaOi), ^*7ig'J 
?^A(LiNbO s ), RtfBSfflaU^Ad^ B^O?) 

v>£. IPS. ^^■'Jf^AfcOViTtt. 
tt©e»#fo**5M'?a«3ftT!<9 0" . 9 0°, 3 1 

©fi«*|Sl*«*'f5A««-C(9 0' , 90". 37°) 
Tab 9. RHmij?9Alc-3V>Tli. #««&©£*& 
^*^1*5ft^T(0* , 45", 9 0° 
[0 0 0 6] i,a>bfta<<E>. ±B*y rMB£3rr**> 

■«y**.&«SfflWfc*aS16£ffl*ttaB«74 
©*y bffi^TS^^l'a'J^ASS. 

#aaS»©aS«SH£91Sa>f;:U ^nicioT^Jg 
g§«S-&S5¥tt^®K7^ ;W-©attafcfcH* E 
**. M. *»aTrtt» #tt*mtt7-r-;i/*-©tttt* 
f)jBr-rsmi©mgtLT, foajimwttfc&tt 

£«a£gfc>-r«JE£ffi£Jt(VSWR ; Voltage Stand 
ing Wave Ratio) SrSfflLfc. 
[0 0 0 7] 

4)19-0®%. 0 1 0 tc^T^lc. B?9Ki#aS&©# 
Mm&gl f rs&aaK#aS©#&attft f rp©MA f 
({JIT. *fc*fiH»»2tV»5)fc«UT. 

aaaaiwttcfctts >j ?:/jpaj8M8*u 

tus. BaR&asoa&aacos&aan* 
fis©»m$scoptwuTtt, ^ne»©<i©a!<tic«k 

[0 0 0 8] 'J ->y;i/Afi2. 0 dB& 

T. #X«*BC3Jr»Ttt5.0dBaTKJ(|l**^i 
*<tttt±. a*U». X. VSWRKBUTtt. 2.0 



(3) #BB¥8-34 0 2 34 

WK*jv»Ttt. a4©R| r yx?jt-j'*4*.fc$ft©K 

^•5ct©m3fe5*gjfS[&SA f «MUMaaa&]0» 

KU Midi. VSWR©a&±B©HJMMTFfc»*. 
* £ £©U*«BaNJtiRS&tfaaN#aS©*tt« 
fiCos, Cop©ga®HSrW^*MCL,fc. 
[0 0 0 9] BPS. ^>^;UaU5 1 ^ASS$ffl^fc# 

10 ttaa»7^;p^-fc*v»T»4, aaaaaofiafcerffl 

*»*-f9aa«T(4 0*75^9 OS, 4 0S75S9 0 

a. oanae oa)&tfcft&*fitttiHftiaKa£ 
n*t*t. #aaaaaA t a<, +&aaftfiittf 

*aBCRa*nr^*. 

[0 0 10] 

H&7] A f min^A f ^A f max 

A f = f rs- f rp 
2? A f min= ( — 0. 001 58 + 0.01 16P — 0.00 
4 2 1 P 2 )x f 0 

A fmax = (0. 0778-0. 0736P + 0. 0252 

P 2 )x f 0 

P = Cop/Cos 

[ooii] Micm&Mcii. m.mmm!®v>i&imm 

Cos&tfaan#aa©#a&*Copl;t. 
[»8] 

Cop=-0.49Cos+(4 9 7 8±2 8 5 0) /fo 

30 [0012] =*yau?»>Aa«*av»fc#tt«Ba 

A*wT<4 0S75M9 OS. 4 0g7!iM9 0£. 0g 

nrne oa>atfcn&*«&«BrtKR*3n*fc# 
ic ^a^isscMA f MHMfitami 
jfcp*/*?*-*ii/r. TE*9traasn*aHt 
aasnrtis. 

[0 0 13] 

[89] A fmin^A f ^A fmax 

40 A f = f rs- f rp 

A fmin=(0. 0262 + 0. 0245P-0. 0021 
P 2 )x f o 

A f max=(0. 303-0. 269P + 0.082P 2 )X 
fo 

P=Cop/Cos 

[00143 aca#ttci4. &mm&m$se>®m®& 

Cos&tfttaMJWS©att&ftCopli. TfBSlOT 

aasn*att©aartK«aanTt»*. 
tai o] 

50 Cop=-0. 9 3Cos + (3 8 9 5± 1 4 2 5) /f o 
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5 

[0 0 15] B3ffljK'J?9Ag«£ffltAfcaM5:gffii£7 
g*T?(0a7>£5 0£. 4 Og75 

ic ^g^sasAfAJ, fi&tf»tt«ft 

[0 0 16] 

[Si 1] A f min^A f ^A f max 
A f = f rs- f rp 

A f min=(- 0. 00002 + 0. 00642P-0.0 
0 2 1 P 2 )X fo 

A f max = (0. 0305-0. 0161P+0. 0021 

P J )X f 0 

P = Cop/Cos 

[0017] HKjHttsifctt. BaiK£tts©iitt«s 

CosRtftt*JIR;*fitt©8M8«ftCoptt. TIH»12-T 
»12] 

Cop=-0.47Cos + (3 0 7 8±912) /fo 

[0 0 18] 5*ttaU»7<f )i^-<D«tmza^x\t. 

s*$ns7>r;p^-©{t^e.f/i:^«&fo 
Rtw»««.«iEE*»**o. sic JtvmwmmKi&v 

£*&HttftfoRZfi»tt*ttifcP&±Bft7. &9lS 

v>B*i licttAUT. 8«©tt»i::£i;&#ttffiSfcS 
£A f ©3tttttlB(A f mlo~A f max) SUtH U £©$8 
Hrt©«fcU-C#ttH«ttSA f £*ferr*. 
[0 0 19] *&Httftfo©iEttttfcLT. it 

5WS*a«©*iB«»»f rs(*5fa)ft»jefntf. 

SiSc f rp(= f rs — A f ) tftjTT* E & tfffi&«. 
[0 0 2 0] C©«Cl/T#6nfcltMK*fi8©*i8 
f rsRtf&*iJlB#lg88©#fiEftS f rpfcttrJH 

t, «aiB^&tfttinHM£ttff--rsc&cj: 

•sT. ijy^#2. OdBfiTFKttA&fiafcWtt 
It. ttA«*#5. OdB«Tfc»*.Sft*::ifc* 
•5. 

[0 0 2 1] Sic. ft«£nfc»tt*ttJtP&tt£U 
J.t>±IBS8. ftlO*Wi*12fcJ:oT«J6Sft* 
»««BK:**n*ciift*, tt&tttfttttt©»tttt 
ft C osRtfM?iJ&53£liSg©l&«£fi c <>p©tt**jrr 
5. 

[0 0 2 2] c®ttfclTft&ftfciKain#S8©fttt 
*ttCo8lK«EJill*«tt©»tt*ttCopKtt^lr»T, 
KHN*ttaft0ttMtt*Sttftttfrr«£fc£J:? 
T, VSWR*<2. O&TlCfflASn^irtlCfc-i). 

[0 0 2 3] 

[««©«*] *«ttfcJ:ntf, ffittttOftyNBS* 



(4) ttH¥8-3402 34 
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tt^liUBtttt 'J ^7 ASlSSffl t>fc#SS*frafttttt 
Big^JkJ'-KfcUT. iS5iJl8#iI8§RtfM?iJll«*« 
S©#fiJlttK«flnttHCtt«bT. 'JyTVPfttftt 
A«**IWKtt*.* C fciWU**. 
[0 0 2 4] 

[fttt©tt*©»tt] *8H£ff-S#fiSti&a#tt* 
S&^JU^-te. B8eCTTOKtt?aiin&©Ift&itt 
(4)tttJ!tt(5)fi:**, l#-h*SII(6)(7)fttt 

io ^LTfltdcsn*. #i#-h#gs§(6)(7)ttia9ic 

^-rSD<, »«(l)±ICtt«tttt(2)ttt^«E»» 
(3)(3)*»J*l/fct>©T»*. 
[0 0 2 5] Si. ^^K'J^AgfclCfc^Tte. 
»tt«Htt©fitt^rlftl«»*'f 7ftttSTT(4 0g71S9 

ott. 4oa7iS9os. omnme os>©«s. a 

Sb<tt(90g. 90S. 3 ldDtttSttCtttttf* 

jssns. x. =*7*ttu?"7z»a«ic*v>Ttt, Ptt 

ttttttCfitt^^'f 5fttt*r(4 0^75^9 0 
R. 4 0g7!;S9 0g. 0 6 0&)©&SB. M£ 
it? U<«(9 0S. 9 0S. 3 7£)£ftSttCtttt;a<ajft 

sn*. wcttttttu** AS«ir*v»Ttt, #tt^ffi 

ttcett*^*^ 7fttt*Tr(0«75S5 0tt. 15 
S75M7 5g. 4 OK75S9 Og)©«BB, H£L<li 
(Oft. 4 5S, 9 OflE)£fc*ttfcttS**»lSStt*. 
£ftfc±t>T. g*tt©*1^Btt(ttB£#tfttttj£ 
»J: Ott»T**«ttttttttiBa) JJ*ttSn*. 
[0 0 2 6] **!6ttC*t»TJ4. jfe-f. ABRttflta 
AflCOWr. 'Jy:/;H£2.0dB«T, J?A»££ 

5.odBaTfr*fc»©«a«He. «»©««*■& 

[0 0 2 7] Hltt, u^S-Attafca^fc 
+fcHttft 1.9GHz ©£atttt&a*tt*tt&7'f 
JI/^-lC^T. ttffflfcJ:-6*tt©tt«6*fcl/TVi 
*. W6. E1CD^7 7«. ttNCBttttaJtP. IKtt 

ic*a«s&MA f fet^T. cns©tt*tt*fcttfl: 

S*fctttt©ttfPafcOt»T, 'J y 7)VRZm A«*S 
M&U 'J«y^;Heoir»Ttt2. OdBKT. ffA*£ 
leoHTtts. 0 d B^T©*#^^fcTKf^iB$0 
W. -t-n£t»©KfPfl*xBlT^Dy hlxfcfc©T* 
4» 5. ±E©&fr«:«S&fc-fSiifcA f (MHz)©«5Btt. 
P=0.5ICT. 6^Af£90. P = 0.75ICT. 9 
£Af^7 0, P=1.0tT. ll£Af^56. P 
= 1.25 \ZT. 12^Afg48t*5. (ij, BIO 
y77©±*©fti^tt. »Jy7*;HC"3^T©Rff*«*> 
UTfcfl. T*©ft«ttttAtt*t^t»T©Rff*«t> 

cn&roiBfiRZTFISffil::**, 
«/JO«tt*ttffl-r*ca:KJ:oT, ABtt&ftBA f 

©saisatUT, TBfti3*ttt&n*. 

[0 0 2 8] 

50 [Si 3] - 3 + 2 2 P- 8 P'^i f £ 1 4 8- 1 4 
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(5) 

7 

0P + 4 8P 2 

[0 0 2 9] HIC. ±IHRl 3£*.W3fcRf »(MH 

z)-emm&5t. TERi4#$sft*. 

[ftl 4] A fmin^A f ^A f max 

A fmin=(-0. 00158 + 0. 01 16P-0. 00 
4 2 1 P 2 )X f 0 

A f max= (0. 0778-0. 0736P+0. 0252 
P 2 )x f 0 

[0 0 3 0] 0 2li. z:^^KU5 1 ^ASffi«ffl^fc«P 20 
MiSESl.9GH 2 (D*^Si^-&S#ttgS!S7 )V 

ibbTH5. U^7';KCOViT(i2. OdBKT. Jf 

Ai*c^ntii5. odB&To&ftzffiTz-rmmts. 

A f (MH z ) ©tSffifi. P = 0.5ICT. 7 2^Af^ 
3 5 9. P= 0. 7 5I'T. 83^Af^280, P = 
1.0 ICT. 9 2^Af^2 2 0. P=1.2 5I:T, 1 

0 2^A f ^ 1 8 0 -fCT. Ctl?)©±fEfflR 

^S^iSESg a f roftS^Ht lt. TfSR 1 5 a? . 

[0 0 3 1] 

[815] 5 0 + 4 7 P-4P ! ^A f £5 7 6 - 5 1 
2P+1 5 6P ! 

[0 0 3 2] ±B»1 5ftt<fH**f o(MH 

z)-cs*ntr*i. TI2R1 6>W#e>ns. 
[Rl6] A fmin^A f ^A f max 

A fmin=(0. 0262 + 0. 0245P-0. 0021 
P 2 )xf 0 .30 
A f max=(0. 303-0. 269P + 0.082P 2 )x 
fo 

[0 0 3 3] 03K. PBTOU^ASSSffl^fc+ib 
Itll. QGHseJMH^BWttMtt?*** 
-IC^HT. H^SICiS^WigmSrBlli^tC^ 
fc>LTV>5. 'J^yjKCO^Tt42. 0dB«T> JfA 
ffl*fct>HTtt5. OdB^TO^fr^^fgig^A 
f (MHz)CDSSBKt. P = 0.5lwT, 5^Af^4 
5. P = 0.75IIT. 7^Af^37, P = 1 . 0 tiC 
T. 8^Af£3 2. P=1.2 5l:T. 9^Af^2 40 

©g2IBH£l<T, TIB&1 7^#f.ns. 
[00 34] 

[117] -0. 0 5+1 2P-4P 2 ^A f ^5 8-3 

1 P + 4 P 2 

[0 0 3 5] J51C, ±12R 1 7 £*<t^j£R f o (MH 

z )t?8&{fc-rs t. TtE» 1 8 a<#en-5. 

[ftl 8] A fmin^A f £A f max 
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A f min=(-0. 00002 + 0. 00642P-0.0 
0 2 1 P 2 )x f o 

A fmax = (0. 0305-0. 0161P + 0. 0021 
P 2 )x f, 

[0 0 3 6] ^SSflllCfclATtt. x\z. femti&m® 

-BivmmxM®mm®&cos. copico^t. vs 

WR£2. 0«T4:T*fc»©flBWBH*ito6L'fc. 
[0 0 3 7] 04fct. ^^A-R'J^ASRfcJlWi 
+&HRR 1.9GHz <D*Hgig-&S3¥tt^ffiK7 W 

bps. ia4©^7 7«, mmzmMm&mskoifrm. 

&SCos (pF) . «ttKR?l|IPciBS§®#«$fiCop 
(pF) Stot, rn^coffi^^tc^b^-ti-fcgs 

2.o«To*fr**»fc-rttffa*OBi, ^n«^©K 

[0 0 3 8] ft. #tS£SCos, Cop (pF) «. 09 
fc«ttll»«)|[SN. BOMW (/in) tbfct 

nasi 9*^»ta-r5^t^ai3iEs. 

[Rl 9] C = 4X 1 0-" XNXW 

[0 0 3 9] 12*0*0 <C. ±E*frftH&fl*fPfttt, 

tt. TIBR2 OfcJ^TSfoTJIijWB**. 
[0 0 4 0] 

[R20] Cop=-0.49Cos+2.62±1.5 
[0 0 4 1] MIC ±ER2 0&«Pi>H»Rf .(MH 
z)TStfr{bTS«i:. TER2 l«»»6ti<&. 
»2 1] 

Cop=-0. 4 9Cos+(4 9 7 8±2 8 5 0) /fo 
[0 0 4 2] 09 5 tit. -tfTjg'J^A&KfcfflWi'P 

*bLTV>*. VSWRO«ei8«2. 0aTO*fr*«» 
iE-©^«O^Htt. TtBR2 2fc«t-3T*te-rct«tta 

&«. 

[0 0 4 3] 

[R22] Cop=-0. 9 3Cos+2. 0 5±0. 7 5 
[0 0 4 4] MIC ±ER2 2&*&ARRf o (MH 
i)T«IMrt-*i. TfBR2 3rtt#sn*. 
[R2 3] 

Cop=-0. 9 3Cos + (3 8 9 5±1 4 2 5) /fo 
[0 04 5] 06tii, BH«RU?"7ASR*fflV»fc*<> 
1.9GHz 0 Ai»||Ra#ttSBtt7 4 *9 

fol/TV>4. V SWR0SI£at 2. 0BTF 

TtSffcffitii. H*c**Tr*-r»*«XB*c»ftL,. * 

0##0«SBlte. TIER 2 4lC<toT^toTCi:* t ti33lE 
*. 

[004 6] 
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[R24] Cop=-0.47Cos+1.62±0.48 

[0 0 4 7 J ±I2»2 4g<|"-tfl»S f o(MH 

[R2 5] 

Cop=-0. 4 7Cos+(3 0 7 8 ±9 1 2) /f o 
[0 0 4 8] fct. SfcrottftlC&UT. #fiJ5fiSSc 

iifj, ±iasi4, fti 6^^«ai 8-rs^sn 
a«*^5. odB«Tic«i^sns. Mic. r?uk# 

Rgg£R?iJli#RR©tMl$ft«\ ±IBR2 1, R2 3 
ot, VSWR*52.0OT:M&n5. 

[0 0 4 9] 07tt. ±^n-/t7^-^ro^*ffiic 
3S^T, *R»R£R#ttRffiR7-r;i^--fcRRK: 

T. R*3n*7^*-©tt8lt;:S'^T < +&RR 
*f.t, »R*»BEDa»R*4(H10RR). 
f?7"S 2 ICT. *»RWLT^*RR«RlEfc»*R 

»»£E(«Atf 2 0 dB)Kj6i;fc#«#*JtP(«A.« 
0. 7 5)#ifei;5. 

[0 0 5 0] $V>T, Xfy^S3l:T, ft£Snfc$ 
RRRJtPftRRU fi.^>±IER2 1, R2 SRWtR 

5, R*UUtSR0imRCosft0RRI»HUK!>ft 

RgftcopwRSftjrr*. tfj*.tfB 4 p= 

0.7 5Oit, Cop=1.2. Cos=l. 6lCft3e-f« 

[0 0 5 1] -fcfflR. Xfy^S4KT. ±ffiftl 9£ 
ffl^T. RROROftWRtfttRN RA 
«, MjajKC-D^Ttt, Cop=1.2*»6, W=80(i 
m. N=3 8**R&n. RJlJRKa^Ttt. Cos=1.6 
W=4 0/*m. N= 10 0*tf|6n*. 

[0 0 5 2] Xxy^S 5Ttt. RjfeSnfc+<> 

RRRfofttf»R«Rifcp*&, ±e»i4. ftie 

Rfr>ttR 1 8 fcS^JHT. *jS^SScgA f fcRfcT 

6. «itfP = 0.7 5C«*. 01fr£tt. A f = 3 
OMHz7i^^n-5. 

[0 0 5 3] ^1', 7^-;/7S 6tCT, ttSKy^Sft 
£T*. COB. ♦fcRRRfoOffiRRfcLT. R0I 
R#R»©#Rfl«Rf rs(*»f.)*RRU 
«nfc*RH»RRA f*»&. RftjR#R8©ftRAR 
Rf rp(= f rs-A f)*RRTS. *LT. C*l6©* 



(6) ftB8¥8-340 234 

2;?. RfcttRRRRiflMw©**-;****-*-*. 

[0 0 5 4] ±fB^tt^j£lCj;n«. U-;/7>£2.0 
dBST, »A8l*ft5. OdBttTKRASiPW 
t, VSWR42. 0,»TK:iflJ;L-&J:fc©tB*-5, SSte 

[0055] ±mmmomm<Dmm\t. nsmtvm* 

Sfc»©fc©T*oT. «fHF»*©f6HItlB«©55W* 

iff *Rg©&a«Ri2±eRK©RS£R&-*'. ruf 

R#©ttHfcfBR©aR«RBrtTa*©RR*«Iirc 
[HROffiR&RH] 

[Hi] *>*JHt'J?-tfARR«Rv>;fc5MfeRmR7 
4/l<*-fcRHT. ^ttlc#S$SJtP, RttlcARH 
&RHA f RtoT, 'J y ^RZWXaWctU-rSft 

[0 2] =*7RU^*A»**Rt»fc#tt»RR:74 

j^-ico^T©ra±©^57-efe5. 

^ [0 3] ra«Ry?'7A«6SRV>;fcRtt«R«74JI' 
^-fc-3^T©ra±©y57-C*«. 
[04] *>*;WRiJ^*ARR*R^&RttRRft7 

-r;u^-icfe^T. Rtticit?a]!«&fi§§©i&«£ftCo 
s, mmzmmm&M®e>iftm®&co[>ztoT, vs 

WRlcHTSRfrWRRi-tORRSRtol-y??!?* 
•5. 

[0 5] =*7*R»jy*A»R*m»&RttRE»7* 
;l^-fc::3HT©l^±©y57T&<&. 
[0 6] H«Ry?22»»RRRV>&»ttRRR7-f* 

[0 7] *R«t«**ttRlHR7^;^-©RR*« 
£gfc>T7 n-9f- hTfcS, 

[0 8] #RRR£R»ttRRR7^*-©»*RR 
£^-f0-C&5. 

[09] 1 K£gg§©ti8Bflti££^-r0T?;&<5„ 
[010] #R^i£RMA f fcU * 7>2Kflf 

©RRSRiB-r*y57T»a. 
[flF^©ift93] 

(1) SR 

40 (2) gi^ms 

(3) RTttKMR 
(4) 

(5) RRM 

(6) R^R^RR 

(7) M^SfcfcRg 
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(8) &BW8-3 4 0 2 34 



C 



[07] 



7-f il^a&fff 



S1 



S2 





S3 




S5 


Cop. CosOg^ 




A f (DjsfeJt 




S4 




S6 











( E " p ) 



[09] 



,6 C7) 



[01 0] 



OdB 
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(9) 



ftBB¥8-3 4 0 2 



^EJS ! i5 : PrU^E*ji2Ti5#5^ = 

*RjfisfOrtnKR#ffi2Tg5S5^ = 

(72)»b# «o a- 

*RIWP*]9CR*a2T15#5^ = 



(72)»ijwf ma ab 
<72> aw* at 1 tm 

*EJ(M , nilT3WE*a2TI 5#5*t 
Jfc£tB1£E«E1«£: 3 TS 1 #1<H| 



-193- 



